Objective To estimate the associations between neighborhood disadvantage and neighborhood affluence with breastfeeding practices at the time of hospital discharge, by race-ethnicity. . Conclusions Race-ethnic differences in associations between neighborhood disadvantage and affluence and breastfeeding practices at the time of hospital discharge indicate the need for specialized support to improve access to services.
Introduction
Despite World Health Organization (WHO) and American Academy of Pediatrics (AAP) recommendations for exclusive breastfeeding for the first 6 months of life with continued breastfeeding up to one (AAP 2012) or 2 years and beyond (WHO 2011) , only 22% of U.S.-born infants in 2013 were exclusively breastfed for 6 months, and 31% were breastfed at 12 months (Centers for Disease Control and Prevention (CDC) 2016). In New Jersey in 2006, the percentage of live births that were exclusively breastfed was 34% and the percentage receiving any breastmilk was nearly 66% (New Jersey State Health Assessment Data 2017). These low rates stand in contrast to the numerous immediate and lifetime benefits of breastfeeding for maternal and child health (Grummer-Strawn and Rollins 2015) and society (U.S.
Department of Health and Human Services (DHHS) 2011).
Suboptimal breastfeeding practices are also both a cause and a consequence of intergenerational health and social disparities because low-income families have lower rates of breastfeeding than their wealthier counterparts (University of Sheffield 2016; Bolling et al. 2007) .
Hospital practices and social factors (such as lack of knowledge in the general population, discouraging social norms, poor social support, and maternal work practices and conditions) have been associated with suboptimal breastfeeding (Cohen et al. 1995; Declercq et al. 2009 ; DHHS 2011; U.S. Department of Health and Human Services, Health Services Research Association 2009; Ryan et al. 2006) . Recognition of the importance of breastfeeding support for a woman upon returning to her community postdelivery is increasing; neighborhoods characterized by a lack of breastfeeding support, including professional support and services, have been called "first food deserts" (First Food Friendly 2012) . Neighborhoods shape beliefs and behavior (Kawachi and Berkman 2003) , and may influence prenatal intentions to breastfeed, which can predict breastfeeding initiation (DGirolamo et al. 2005) . In addition, neighborhood economic deprivation is associated with poor infant outcomes (Sellström and Bremberg 2006) and suboptimal maternal health behaviors (Vinikoor-Imler et al. 2011) , and could affect breastfeeding practices. Furthermore, socioeconomic and cultural challenges including a lack of privacy and crowded conditions at home may also negatively influence breastfeeding decisions (Kaufman et al. 2010 ).
Studies of neighborhood effects on breastfeeding showed mixed results: one indicated no relationship between neighborhood deprivation and breastfeeding initiation, but found associations with other perinatal outcomes (Cubbin et al. 2008) . Another study found neighborhood deprivation was negatively associated with breastfeeding initiation for disadvantaged urban women, and that the concentration of college-educated individuals in a neighborhood was positively associated with breastfeeding practices (Burdette 2013) . Neither study used multilevel modeling, nor analyzed results for different race-ethnicities. Because breastfeeding practices differ by race and ethnicity (McKinney et al. 2016) , we stratified our analyses accordingly.
Furthermore, no study to date has investigated the role of neighborhood affluence, a sociological construct distinct from disadvantage that signals the presence of local institutions that stabilize and serve communities. Neighborhood affluence has been shown to be a better predictor of selfrated health (Browning and Cagney 2003) and perinatal health (Kane et al. 2017 ) than neighborhood disadvantage. Burdette's study indicates a potential role for neighborhood affluence through college education (Burdette 2013) . Thus, features of affluent neighborhoods (e.g., better access to supportive services and institutional supports for breastfeeding) may play a key role. Furthermore, these features may be particularly important for racial/ethnic minorities with low (average) rates of breastfeeding (e.g., Black women). Neighborhood affluence and disadvantage may also play an indirect role in reinforcing attitudes, beliefs and practices that influence breastfeeding. Discouraging social norms may be particularly influential in disadvantaged areas with fewer breastfeeding role models (Bentley et al. 2003) .
The availability of and access to services that support breastfeeding in the hospital and community can differ according to the neighborhood racial-ethnic composition. Fewer breastfeeding support services were offered by facilities (hospitals and birth centers) and offices of the Women, Infants, and Children Supplemental Program (WIC) located in areas with larger Black populations compared to other groups (Evans et al. 2011; Lind et al. 2014) . Additionally, Black women were more likely to receive advice about formula-feeding rather than breastfeeding from WIC counselors, compared to white women (Beal et al. 2003) .
The purpose of this study is to estimate the associations of neighborhood disadvantage and neighborhood affluence with breastfeeding practices at the time of hospital discharge, by race-ethnicity. This study is the first to: apply multilevel modeling (which accounts for the complicated variance structure due to women being "nested" in neighborhoods), examine neighborhood effects on breastfeeding practices stratified by race-ethnicity; and estimate the effects of both neighborhood disadvantage and affluence on breastfeeding practices. We examined exclusive breastfeeding, the optimal feeding method for infants less than 6 months of age, and any breastfeeding, both of which are reported at state and national levels (CDC 2016) . Results from our analyses can inform policy and programmatic decisions related to breastfeeding protection, promotion, and support. Considering the association between socioeconomic characteristics of residential environments and breastfeeding practices has implications for the location of supportive services and efforts to influence social norms.
Methods
We constructed a retrospective cohort using electronic birth certificate data for 111,596 infants born to women residing in New Jersey at the time of delivery in 2006. We excluded infants resulting from multiple gestation pregnancies (n = 4970). We also excluded infants born to women who died before discharge (n = 7), did not reside in an urban census tract (n = 25,756), or reported a race-ethnicity other than White, Black, Hispanic, and Asian (n = 124), leaving 80,739 infants. Our multilevel models constituted a complete case analysis of 77,502 infants born to women residing in 1656 census tracts in the analytic sample [3237 (4%) observations were excluded because of missing data]. This study was reviewed and approved by the Institutional Review Board at the University of North Carolina, Chapel Hill.
Neighborhood Disadvantage and Neighborhood Affluence
We geocoded maternal addresses collected from the birth certificates and assigned values to variables from their tracts from two censuses-2000 and 2010. Using the assigned values, we applied a linear interpolation over the decade to create estimates for all variables in 2006. We standardized each variable before creating the indices; thus, index scores can be interpreted as the number of standard deviations away from the population mean.
We constructed indices of neighborhood disadvantage and neighborhood affluence following past research (Kane et al. 2017) . This methodology produced and tested indices in urban settings. The neighborhood disadvantage index comprised an unweighted average of six variables: the proportion of households with incomes < $15,000, the proportion of households with incomes ≥ $50,000 (reverse coded), the proportion of families in poverty, the proportion of households receiving public assistance, the total unemployment rate, and the proportion of vacant housing units (Cronbach's alpha = 0.93). The neighborhood affluence index comprised an unweighted average of three variables: the proportion of 16+ years old civilian workers in professional/managerial occupations, the proportion of 25+ years olds with 16+ years education, and median home values (Cronbach's alpha = 0.92). The indices were moderately correlated (Pearson's r = −0.69).
Breastfeeding Practice
Electronic birth certificates recorded the type of feedings given in the 24 h preceding hospital discharge: breastfeeding, formula feeding, combination, other, and unknown. We defined two outcomes: "exclusive breastfeeding" (EBF; 1 = infants fed only breast milk at the time of hospital discharge) and "any breastfeeding" (1 = infants fed a combination of formula and breastmilk).
Covariates
We identified these covariates as potential confounders of the association between neighborhood disadvantage and affluence with breastfeeding practices: maternal race-ethnicity [White, non-Hispanic ("White"); Black, non-Hispanic ("Black"); Hispanic; and Asian, non-Hispanic ("Asian")], marital status (married or separated vs. not), maternal education (less than high school; high school completed; some college; college degree and higher), maternal age (continuous), parity (continuous), mother worked in previous year (yes/no), mother participated in Medicaid/Health Start during pregnancy (yes/no), father's name was reported on birth certificate (yes/no), and nativity (U.S.-or foreign-born).
Statistical Analyses
We calculated descriptive statistics using Stata (v.14.1). We constructed multilevel, random-intercept logit models, stratified by race-ethnicity, to estimate odds ratios for both neighborhood disadvantage and neighborhood affluence, using the glmmPQL function in R (v.3.3), controlling for all confounders previously listed (and including a quadratic term for maternal age, given its non-linear distribution compared to the outcomes). We included both exposures in the model to control for one while estimating the other, given that neighborhoods experience degrees of both disadvantage and affluence (Kane et al. 2017) . We also controlled for neighborhood race-ethnic composition (percent Asian/ Pacific Islander, percent Black, percent Hispanic and percent White) in supplementary models.
Results

Descriptive Analyses
Figures 1 and 2 show the prevalence of exclusive and any breastfeeding at hospital discharge, respectively, for census 1 3 tracts throughout New Jersey for births in 2006. Urban census tracts are stippled. Visual inspection of the spatial distribution of EBF at the time of hospital discharge shows a higher prevalence in the west and southwest parts of the state, with several contiguous areas of low prevalence in the northeast area of the state (Fig. 1) . "Any breastfeeding" was prevalent throughout the state, due to its inclusion of both exclusive and mixed feeding, with the latter practice more 1 3 prevalent in the northeast area where exclusive breastfeeding was less predominant (Fig. 2 ). An additional map shows the distribution of neighborhood disadvantage for women who gave birth in New Jersey in 2006 (Online Resource 1).
Higher areas of disadvantage are concentrated in the main urban areas and visually correspond to areas with moderate breastfeeding and low exclusive breastfeeding prevalence. Plots of the two indices indicate the distinction between neighborhood disadvantage and neighborhood affluence among urban neighborhoods in New Jersey during the study period. In addition to neighborhoods with contrasting disadvantage and affluence index scores, some neighborhoods scored low on both the disadvantage and affluence scale, and others as high on both scales. These patterns were also observed within racial-ethnic groups (Online Resource 2).
The majority of women who EBF and who provided some breast milk ("any breastfeeding") were married or separated, born in the U.S., working in the previous year, not enrolled in Medicaid/Health Start during pregnancy, not caring for infants in the NICU, and reported the father's name on the birth certificate (Table 1) . Women who exclusively breastfed at the time of hospital discharge had an average age of 30 and were mostly White and college graduates, with an average neighborhood affluence value of 0.22 (one-fifth of a standard deviation above the mean for New Jersey urban areas) and an average neighborhood disadvantage value of − 0.07 (slightly below the New Jersey urban mean). Women providing some breast milk ("any breastfeeding") had an average age of 29 and were mostly Hispanic or White and college-educated, with an average neighborhood affluence value of 0.04 and an average neighborhood disadvantage value of − 0.23. The prevalence of both EBF and any breastfeeding decreased with higher parity.
Multi-level Analyses
We reported odds ratios (OR) for crude, adjusted, and raceethnic-specific models with both exposures (neighborhood affluence and neighborhood disadvantage; Table 2 ).
The crude models showed associations in the expected directions, with negative associations for neighborhood disadvantage with both exclusive and any breastfeeding, and positive associations for neighborhood affluence with both exclusive and any breastfeeding. Adjusting for confounders attenuated these associations, but they remained significant and in the expected direction for exclusive breastfeeding. With adjustment, the association between neighborhood disadvantage and any breastfeeding for all women was not statistically significant. The association between neighborhood affluence and any breastfeeding remained significant and positive.
In race/ethnicity-stratified models, the odds of exclusive breastfeeding decreased as neighborhood disadvantage increased for all but White women [Asian: Adjusted odds 
Discussion
The purpose of this study was to estimate the associations of neighborhood disadvantage and neighborhood affluence with breastfeeding practices at the time of hospital discharge, by race-ethnicity. This study was the first to use multilevel modeling to estimate these associations, and the first to do so while employing race-ethnic-stratified models. This study was also the first to consider the role of neighborhood affluence in contributing to breastfeeding practiceswhich past studies have shown to be a better predictor of health outcomes and prenatal health behaviors than neighborhood disadvantage (Browning and Cagney 2003; Kane et al. 2017) . Our findings provide information that enhances understanding of race-ethnic disparities in breastfeeding practices, and have implications for policy and programmatic considerations related to the locations of supportive services and efforts to change social norms that discourage optimal infant feeding.
Our results present a nuanced picture of the associations between neighborhood disadvantage and affluence with breastfeeding practices at the time of hospital discharge. Neither exposure was associated with either outcome for all groups, but interesting patterns emerged. The construct of neighborhood affluence signals local access to resourceshealth-promoting or otherwise-that are (a) available in the neighborhood as a direct result of the efforts of influential, highly-educated, prestigious individuals in that community who worked to attract such resources to the neighborhood, and (b) can benefit all residents, regardless of individuallevel socioeconomic status (Browning and Cagney 2003) . Thus, we anticipated that local resources could potentially play an important role for EBF in particular, as it is the optimal but more intensive feeding practice. Indeed, our findings showed that higher levels of neighborhood affluence increased the odds of EBF for Hispanic and White women. Neighborhood disadvantage, on the other hand, posed an additional burden for EBF practice among Black and Hispanic women. In terms of any breastfeeding, neighborhood disadvantage hindered the odds for Hispanic women, which was consistent with the findings for EBF. For Black women, neighborhood disadvantage did not pose an additional burden, although breastfeeding rates were low in this group (see Table 1 ). However, residing in a resource-rich area (in terms of higher levels of neighborhood affluence) seemed to benefit groups with comparatively low rates of breastfeeding (Black and Asian women), and also gave an additional boost Bold values indicate a result for which the null value is not included in the confidence interval OR odds ratio, CI confidence interval a Each estimate of neighborhood disadvantage is adjusted for neighborhood affluence and vice versa b Adjusted for maternal age, race-ethnicity, marital status, father's information on birth certificate, education, working in past year, Medicaid/Healthy Start use during pregnancy, nativity, and parity c Adjusted for all covariates above except race-ethnicity; n = 7409; 1141 census tracts d Adjusted for all covariates above except race-ethnicity; n = 13,259; 1199 census tracts e Adjusted for all covariates above except race-ethnicity; n = 24,108; 1504 census tracts f Adjusted for all covariates above except race-ethnicity; n = 32,726; 1546 census tracts to White women, a group with a comparatively higher rate of breastfeeding. These results indicate that the increased resources associated with more affluent neighborhoods can benefit groups with low (average) rates of any breastfeeding. However, given the structural barriers that non-white women face (Kulka et al. 2011; Lind 2014) , we speculate that access to such resources may be insufficient to counteract other difficulties (such as group-specific social norms guiding breastfeeding practices). In terms of neighborhood disadvantage, these results suggest that this factor can be a powerful determinant particularly for exclusive breastfeeding practices, likely given its constructs related to low income, which can affect breastfeeding practices (DHHS 2011). In addition, low-income minority women have reported a lack of support in social, work and cultural environments in addition to barriers related to language, literacy, and access to information (Jones et al. 2015) .
This study demonstrates the complex interplay between neighborhood affluence and disadvantage, race-ethnicity, and breastfeeding practices. Separating the optimal breastfeeding practice (exclusive) from any breastfeeding provides important information for breastfeeding promotion and support through the different associations with neighborhood disadvantage and affluence for each race-ethnic group, although women who exclusively breastfed comprised nearly half of the group that did any breastfeeding. Regardless of neighborhood affluence, each additional increment of neighborhood disadvantage may have associated effects that discourage Hispanic women who want to breastfeed, and all non-White women who want to exclusively breastfeed. The positive association between neighborhood disadvantage and any breastfeeding among White women is puzzling on the surface, until one considers the persistent structural racism in service provision (Evans et al. 2011; Lind et al. 2014) . Controlling for neighborhood disadvantage, neighborhood affluence may benefit only White women's breastfeeding practices overall, in addition to Hispanic women who want to exclusively breastfeed, and to Black and Asian women who want to do some (but not exclusive) breastfeeding.
Other factors related to lack of supportive services likely affect breastfeeding practices for women living in disadvantaged neighborhoods. While nearly half of U.S. infants participate in the WIC program, breastfeeding rates have been found to be substantially lower for WIC infants (U.S. Government Accountability Office (GAO) 2006). Some infant formula marketing uses the trademarked WIC acronym, and, although states are required to restrict this practice, most do not (GAO 2006) . This practice is particularly egregious in light of the fact that suboptimal breastfeeding practices have been cited as both an outcome and cause of intergenerational health and social disparities (University of Sheffield 2016; Bolling et al. 2007 ). However, given its widespread use, the WIC program presents an opportunity for community-based breastfeeding support and should be reviewed at national, state, and local levels to ensure that optimal support is provided to all women. In addition, as more hospitals seek "Baby-Friendly" designation, they may need to liaise with community-based breastfeeding support services in order to have referral options for women at the time of discharge (Baby-Friendly USA 2012).
Critiques of studies of neighborhood effects on health have been discussed (e.g., Oakes 2004) . We controlled for factors related to selection into neighborhoods including individual-level socioeconomic status, but undoubtedly some confounding remains, possibly related to social network and support functions independent of individual-level socioeconomic status. We considered individual attributes to confound the association between neighborhood disadvantage and affluence with breastfeeding practices, and controlling for those variables was consistent with extant literature (Burdette 2013; Cubbin et al. 2008) . However, some suggest that individual attributes may mediate, rather than confound, neighborhood effects on health (Glass and Bilal 2016) . If that is true, then we may have underestimated these associations.
Study limitations include the possibility that the census tract in which one resides does not reflect one's perceived neighborhood, although census units have been found to be reasonable proxies for neighborhoods (O'Campo and O'Brien Caughy 2006) . Birth certificates are subject to limitations related to record keeping, including mis-specification of variables like race and ethnicity, and some misclassification of our outcome variables is likely. These data are from 2006; however, breastfeeding practices at the time of hospital discharge have not increased substantially in New Jersey (EBF: 37.6% and any breastfeeding: 76.7% in 2015; New Jersey State Health Assessment Data 2017), thus we believe that our conclusions remain valid. By design, our study does not permit examination of breastfeeding practices when women return to their homes and neighborhoods, but the timing of our outcome measures (at hospital discharge) means that the outcomes likely represent prenatal influences on breastfeeding intention (including neighborhood influences) in addition to individual, familial, and hospital attitudes and practices in the immediate postpartum period. Potential effect modifiers or mediators-including prenatal care (frequency, quality), place of delivery (home, birth center or hospital), WIC status and infant health conditions that affect breastfeeding-deserve further research in terms of their associations with neighborhood socioeconomic environment and breastfeeding practices.
In conclusion, both neighborhood disadvantage and affluence were associated with breastfeeding practices, and there were unique associations for each practice by raceethnicity. Given that increasing levels of neighborhood disadvantage decrease the odds of EBF for nonwhite women, further research and targeted support is needed for those women living in economically depressed neighborhoods. This could take the form of visibility and social marketing events in communities, and home visits, which may encourage exclusive breastfeeding (Yonemoto et al. 2013) . Other interventions could include increasing access to the supportive services that may exist in wealthier neighborhoods, and removing incentives to use infant formula (Kent 2006) . Neighborhood affluence had a positive association with any breastfeeding for Asian, Black and White women, as well as a positive association with exclusive breastfeeding for Hispanic and White women. Thus, if the supportive resources that likely exist in more affluent neighborhoods could be replicated in all neighborhoods, greater gains in breastfeeding may be observed. Furthermore, future work should seek to ensure that these resources are accessible to all women. Supportive services should be reviewed and expanded to ensure universal access.
Conclusions for Practice
This study underscores the importance of considering neighborhood socioeconomic conditions in efforts to increase optimal breastfeeding practices among all women, while acknowledging that challenges may differ by raceethnicity. Health disparities across the life course may be perpetuated by modifiable neighborhood attributes, such as access to supportive services, that disproportionately affect women living in poor neighborhoods where the environment discourages optimal breastfeeding practices. More research is needed about specific mechanisms operating in poor, and affluent, neighborhoods for the different race-ethnic groups living within. Those mechanisms likely include access to supportive services and social norms, and interventions to address those factors should be tested.
